Background: Uveitis is a group of intraocular inflammatory diseases whose primary treatment involves immunosuppression. Although corticosteroids (CSs) remain the mainstay therapy, sirolimus is among the recently studied immunomodulatory drugs for treating noninfectious uveitis (NIU). Objective: The aim of this review was to assess and summarize the updated evidence on the outcomes of treatment with sirolimus for NIU. Materials and methods: Two reviewers conducted a systematic search on November 5, 2018, of electronic databases (EMBASE, MEDLINE, and The Cochrane Library) and clinical trial registers having no restrictions on language or publication date. The primary outcome was uveitis activity as measured by vitreous haze (VH), while the secondary outcomes included central macular thickness (CMT), best-corrected visual acuity (BCVA), CS-sparing effect, IOP elevation, and other adverse events. A meta-analysis was conducted on selected studies with appropriate clinical and methodological homogeneity. Results: Seven studies were included and reviewed. Four randomized clinical trials were eligible for meta-analysis: SAVE 2013, One-year outcomes of the SAVE study, SAVE 2 2016, SAKURA 2016. The pooled proportions of inflammation control (VH improvement) were 38% (95% CI 16.19%-62.66%) during a 6-month follow-up and 49.97% (95% CI 16.19%-83.03%) during a 6-to 12-month follow-up with the latter showing a significantly higher response rate ( p=0.0472). BCVA improvement was 62.2% (95% CI 33.17%-87.11%) during a 6-month follow-up and 56.86% (95% CI 20.91%-89.05%) during a 6-to 12-month follow-up with no significant difference between the two ( p=0.3705). Increased IOP remained at 7.11% (95% CI 3.46%-12.68%) for both a 6-month follow-up and up to a 12-month follow-up duration. The CS-sparing effect of sirolimus was also well demonstrated. A reduction in CMT was observed, and only minor drug-related adverse events were reported in all the studies reviewed. Conclusion: This review provided evidence that sirolimus is a promising treatment option for controlling inflammatory activity, improving visual acuity, and sparing CS use with minor adverse events for NIU.
Introduction
Uveitis is a group of intraocular inflammatory diseases 1 with significant clinical, socioeconomic, and quality-of-life impact. [2] [3] [4] As the third leading cause of preventable blindness in the world (fifth in the US), uveitis should engender greater efforts toward the development of sight-saving treatments. 5, 6 Potentially blinding complications Corticosteroids (CSs) have always been the mainstay of treatment for most forms of noninfectious uveitis (NIU). In fact, the Standardization of Uveitis Nomenclature (SUN) Working Group guidelines recommend its use as the first-line therapy for active disease. 9, 10 Topical CS preparations are usually given for cases of anterior uveitis, while periocular, intravitreal (IVT), or systemic preparations are available for intermediate uveitis, posterior uveitis, and panuveitis. However, certain limitations with CS therapy arise in cases of refractory uveitis and in patients who develop CS-related complications such as hypertension, diabetes, cataract formation, IOP elevation, or glaucoma due to prolonged use. [11] [12] [13] [14] [15] Thus, uveitis treatment guidelines recommend that chronic use of systemic CSs should be no more than 10 mg/day prednisoneequivalent dose to reduce the incidence of potentially serious adverse events, 16 but even adverse outcomes can still occur with a dose as low as 7.5 mg/day. 17 In such situations, other forms of immunosuppressive therapy may be warranted. 10 Immunomodulatory therapy (IMT) is an alternative for controlling the inflammatory process and serves as adjunctive therapy that helps in reducing CS use. Although CSs are usually required to control acute inflammation, IMT agents are available to downregulate chronic inflammation and prevent recurrences. 18 A number of drug classes belong to this group of agents, and choosing which among these drugs to use depends not only on drug efficacy but also on tolerability. 19 Such an agent that demonstrates both efficacious steroid-sparing IMT and favorable side effect profile is therefore needed. 20 Sirolimus is a recently studied and developed IMT agent for treating noninfectious intermediate uveitis, posterior uveitis, and panuveitis. 21 Sirolimus, also known as rapamycin, is a bacteria-derived IMT agent that suppresses T cell proliferation by inhibiting the expression of IL-2, IL-4, and IL-15. This is mediated by the binding of the immunophilin FKBP-12 and, therefore, preventing it from binding and activating the mTOR. 22, 23 This may have a beneficial effect in the context of uveitis, as the immune dysfunction in NIU is thought to be primarily T cell mediated. 24, 25 The US Food and Drug Administration has approved the systemic use of sirolimus in preventing kidney transplant rejection as well as a sirolimus-eluting coronary stent for enhancing coronary luminal diameter in patients with ischemic heart disease. Currently, the therapeutic use of sirolimus in ophthalmology is still under investigation. 22, 23 The systemic use of sirolimus is associated with cytotoxic, especially hematological, adverse effects (AEs) that can limit its use in treating patients with uveitis. 21 However, local preparations of the drug that can be administered by subconjunctival (SCJ) or IVT injections have been developed and proven suitable based on preclinical studies. 26 Clinical trials are now focused on determining the optimal effective dose of sirolimus in such preparations. [27] [28] [29] The aim of this article was to systematically review the current evidence concerning the therapeutic use of sirolimus for patients with NIU and to perform a meta-analysis on the available data.
Materials and methods
This systematic review and meta-analysis were conducted by using the methods described by the Cochrane Collaboration for systematic reviews of interventions and in concordance with the PRISMA guidelines for systematic reviews and meta-analyses. 30, 31 The details of the systematic review protocol were submitted for registration on the International Prospective Register of Systematic Reviews (PROSPERO) database (registration number: CRD42018115715).
The aim of this meta-analysis was to assess the effectiveness and treatment outcomes of the mTOR inhibitor sirolimus (rapamycin) for the treatment of NIU. This was achieved by conducting a statistical study of clinical trials, which evaluated or described the use of sirolimus in cases of NIU.
eligibility criteria
The following criteria were used in the selection of studies for review: 1. NIU-related studies with inflammatory activity grading defined based on the SUN working group criteria 2. Patients with refractory uveitis receiving a chronic course of immunosuppressive therapy and systemic steroid treatment 3. Sirolimus as the intervention competed with or without any comparator (eg, another pharmacological agent or placebo) 4. Studies with a median follow-up duration of at least 3 months.
Outcome measurements
The primary outcome assessed is the clinical activity of uveitis by vitreous haze (VH) score after giving sirolimus 
Searches
The literature search for review was conducted using the electronic databases of published studies namely: Cochrane Library (which comprises a portal to EMBASE and PubMed), PMC (which includes MEDLINE), and registers of clinical trials of ClinicalTrials.gov with the terms "sirolimus" or "rapamycin" matched with "uveitis". No restrictions were made on uveitis such as using the words "anterior", "posterior", "infectious", "non-infectious" to expand the number of hits in the literature to be reviewed. No restrictions were made on language, year of publication, and study types included to deliver more evidence related to the effectiveness of sirolimus in cases of uveitis. The search strategy for CENTRAL, PMC, and ClinicalTrials.gov is summarized in Tables S2-S4 .
Selection of studies
Two reviewers (Cabahug and Sapno) independently screened the titles and abstracts of the searched studies and determined their relevance to this meta-analysis. Full-text articles were retrieved and assessed for eligibility. Evaluations of methodological quality and risk of bias were made using the Cochrane risk of bias tool and a modified Jadad scale. [32] [33] [34] [35] The Jadad scale assesses three primary quality factors: randomization, blinding, and reported withdrawals. The modified augmented version will also assess other methodological factors such as exclusion criteria, the intervention used, the control used, and data reporting providing a total quality score of 10 (Table 1) . 34, 35 Key information gathered from the selected articles was listed in a standard form containing relevant details such as study design type, number of patients, type of intervention, dosage, follow-up duration, and outcome measurements. A PRISMA flow diagram was used to illustrate the details of the selection process including reasons for the exclusion of articles. 31 
Data synthesis and analysis
All collected data from the selected studies were summarized and tabulated for possible statistical treatment. Meta-analysis was undertaken, where appropriate clinical and methodological homogeneity exists.
Meta-analysis on single proportions was utilized in order to identify the pooled response rate of reduction in VH, BCVA improvement, IOP elevation, CMT, CS-sparing effect, and safety outcomes whenever possible. MedCalc uses a Freeman-Tukey transformation (arcsine square root transformation; Freeman and Tukey, 1950) 36 to calculate the weighted summary proportion under the fixed-and randomeffects model (DerSimonian and Laird, 1986) 37 .
Results

Selection of studies
A systematic search of multiple electronic databases yielded a total of 277 possible relevant articles; of these, 256 were excluded after screening for the titles and abstracts. After a full-text evaluation of the remaining 21 articles, 15 relevant studies specific to our research questions were included. Eight potentially eligible articles were then removed for failing to meet the inclusion criteria and for having data that could not be synthesized together. Ultimately, seven studies were included for our systematic review, but only four randomized controlled trials (RCTs) out of seven of these studies were eligible for the meta-analysis. The details of the systematic selection process are shown in Figure 1 .
Characteristics of included studies
A total of seven studies were included for our systematic review, but only four studies were included in our risk of bias assessment and meta-analysis. The SAVE 2013 28 trial and its follow-up study, Ibrahim et al, 21 were Phase I, open-label, Table 1 The modified Jadad questionnaire for assessing the risk of bias Modified Jadad Questionnaire 1) "was the study described as randomized?" 2) "was the randomization protocol detailed and appropriate?" 3) "was the study described as double-blind?" 4) "was the blinding process detailed and appropriate?" 5) "Did the study have a control group?" 6) "was the control detailed and appropriate?" 7) "Was there an adequate exclusion criterion?" 8) "was the intervention used at a therapeutic dose?" 9) "was there a description of withdrawals and dropouts?" 10) "Were the data clearly and adequately reported?"
Yes. 27 the largest clinical trial of sirolimus to date, was a Phase III, randomized, double-masked multinational study conducted in the European Union, India, Israel, Japan, Latin America, and USA. Although all the abovementioned studies were provided by a study drug from Santen, Inc. (Santen Pharmaceutical Co., Ltd., Osaka, Japan), only SAVE 2 2016 29 and SAKURA 2016 27 were industry sponsored. Table 2 summarizes all the characteristics of the four studies including the risk of bias assessment.
Types of participants
All patients included in the RCT studies were 18 years old and above, clinically diagnosed with NIU (posterior, intermediate, or panuveitis), and assessed using the SUN classification activity score for VH, with sufficient inflammation requiring systemic treatment and with a BCVA of 20/400 or better.
Types of interventions
Sirolimus was administered by either IVT or SCJ injections. IVT doses studied were 44 μg, 352 μg, 440 μg, and 880 μg. Only one study evaluated a 1,320 μg dose of sirolimus given subconjunctivally.
Types of outcomes
The primary outcome of all studies was uveitis activity as measured by VH. Secondary outcomes measured were BCVA, CMT, IOP, and CS-sparing effect as measured by CS dose. Safety outcomes and adverse events were also noted.
Characteristics of studies excluded from the meta-analysis Sen et al, 38 Vigil et al, 39 and Shanmuganathan et al 40 also studied sirolimus for treating patients with uveitis. The limited time of follow-up and differences in study design precluded their data for undergoing meta-analysis. All three studies, however, supported the potential efficacy of sirolimus. Main characteristics of the studies and level of 28 
Methods
Open-label RCT Patients grouped into three disease categories with 1:1 randomization into one of two treatment arms. The eye with more advanced disease was selected as the study eye in patients with bilateral uveitis. if both eyes were affected equally, the study eye was selected before randomization at the investigator's discretion. If the fellow eye was contraindicated, proven to be ineffective or rejected by the patient, the injection of sirolimus was administered to the fellow eye at the discretion of the investigator at the same dose and route of administration of the study eye, but at least 14 days apart from the injection of the study eye ( • Patients with bilateral uveitis who are receiving systemic iMTs for the treatment of the fellow eye and cannot be controlled with standard local therapies alone • Presence of significant ocular disease that could compromise vision in the study eye • Ocular procedures such as the following: capsulotomy within 30 days prior to day 0; vitreoretinal surgery or scleral buckling, ivT injections or posterior subtenon steroids, and intraocular surgery within 90 days prior to day 0; ocular surgery anticipated within the first 180 days following day 0 • iOP $25 mmHg (glaucoma patients maintained on no more than two topical medications with iOP ,25 mmHg are allowed) • Inadequate pupillary dilation • Media opacity that would limit clinical visualization and evaluation • Presence of the following: any form of ocular malignancy, herpetic infection in the study eye or adnexa, active or inactive toxoplasmosis in either eye • Non-ocular exclusion criteria: allergy or hypersensitivity to sirolimus or fluorescein dye, immunosuppressive therapy within 30 days of day 0, receiving strong inducers of CYP3A4 and P-gp, any recent infection within 30 days of baseline, immunocompromised patients, history of CMv infection or clinical evidence of active CMv infection at baseline, malignancy in remission for ,5 years prior to study, history of other diseases that contraindicate the use of an investigational drug, females who are pregnant or lactating and females of childbearing potential who are not using adequate contraceptive precautions, sexually active males with partners of child-bearing potential who are not using adequate contraceptive precautions interventions ivT sirolimus 352 μg (n=15) SCJ sirolimus 1,320 μg (n=15) Sirolimus was frozen in 2.0 mL vials as 0.5 mL sterile injection solution. A 30 G needle was used to deliver ivT injections on a Hamilton glass syringe and on a tuberculin syringe to deliver SCJ injections. injections (SCJ or ivT) were given on days 0, 60, and 120. Follow-up after injection of the study eye was planned on the 14th and 30th day (±2 days). The SAve study's primary end point was set at month 6. Patients were monitored up to 12 months (Pages 12-13)
Outcomes Main outcomes were as follows: 1. Bioactivity: The primary analysis of bioactivity was carried out at month 6 and evaluated by assessing the proportion of patients who achieved a complete or partial response in the study eye. Another end point, the secondary end point, was defined as the ability of sirolimus to reduce or prevent uveitis in the study eye. This is expressed by the frequency of inflammation during the first 6-month study period 2. Ocular tolerability: Adverse events related to sirolimus, both systemic and ocular, were monitored and recorded. Follow-up after injection of the study eye was planned on the 14th and 30th day (±2 days) incomplete outcome data (attrition bias)
Low
Before the primary end point at month 6, two subjects, one from each study group and both from category 2, left the study. Bioactivity data collected from both subjects were not transmitted to month 6; since there was a significant amount of missing information to allow an appropriate assessment, data from these two subjects were removed when results were compared at month 6 to baseline. However, adverse events from both subjects were included in the safety results analysis (Pages 2-3)
Selective reporting (reporting bias) Low Outcomes and events that happened during the 6-month study were reported in the SAVE study (additional file)
Other bias Low None
Overall risk of bias Low Majority of items show low risk
Ibrahim et al 21
Methods
Open-label RCT Patients grouped into three disease categories with 1:1 randomization into one of two treatment arms. The eye with more advanced disease was selected as the study eye in patients with bilateral uveitis. if both eyes were affected equally, the study eye was selected before randomization at the investigator's discretion. If the fellow eye was contraindicated, proven to be ineffective, or rejected by the patient, the injection of sirolimus was administered to the fellow eye at the discretion of the investigator at the same dose and route of administration of the study eye, but at least 14 days apart from the injection of the study eye (Page 2) Participants Country: USA Number of people randomized: 30 Average age: 47 years (range 29-65 years) Sex: 50% male, 50% female Inclusion criteria: Not reported but may be found in additional file (Table S1 ) of SAVE study 28 Exclusion criteria: Not reported but may be found in additional file (Table S1 ) of SAVE study 28 interventions ivT sirolimus 352 μg (n=15) SCJ sirolimus 1,320 μg (n=15) each study eye received mandatory baseline treatment for months 2 and 4. During the follow-up period of 6-12 months, eyes included were eligible to receive sirolimus at the same dose and route as required and at intervals of no ,2 months between injections. (Page 2) A detailed description was provided in the SAve study Outcomes Main outcome measures were bioactivity and ocular tolerability. Response to treatment for patients with active disease at baseline was measured using the SUN working group criteria, defined as reduction in VH by at least two steps when compared to baseline or reduction of one step to no haze. This was measured at 6 and 12 months This was a follow-up study of the SAve trial and although blinding of outcome assessment was mentioned in the original article, this was not reported for in this study incomplete outcome data (attrition bias)
Low
The primary 6-month report showed the baseline characteristics. Before the end point of month 12, six patients left the study. Two out of six patients left the study before the primary end point at month 6 and the reasons for their dropout were detailed in the previous report. Both patients did not complete the three mandatory injections and therefore bioactivity data from both patients were not included in the analysis of month 6 or 12 end points. Twenty-four patients completed the secondary end point of the study at month 12 with an 80% completion. Patients who did not have a visit for month 12, but visited the study at month 6 and beyond, were included in the analysis for month 12 ( 
Methods
Open-label RCT Randomization of the patients was stratified by two disease categories and was randomized into one of the two treatment arms in a ratio of 1:1. The eye with more advanced disease was selected as the study eye in patients with bilateral uveitis. If both eyes were affected equally, the study eye was selected before randomization at the investigator's discretion. Patients with unilateral uveitis, however, if develop uveitis on the fellow eye at any point during the study period, will be treated with the same approach as that of study subjects with bilateral uveitis (Page 2) Since all subjects completed their visit to month 3, data were still included on month 6. In the final analysis, 11 patients were included in group 1 (seven of which were category 1 patients) and 13 patients in group 2 (six of which were category 1 patients) (Page 3) Selective reporting (reporting bias)
Low
All outcomes mentioned on trial registration were reported Adverse events, both ocular and non-ocular, were analyzed in total and as subsets based on severity and relationship to sirolimus Other bias Low None Overall risk of bias Low Although some items could not be fully assessed, we believe that randomization and allocation concealment should be adequate in this multicenter trial aiming at drug registration, as per regulatory requirement SAKURA 2016 27 
Methods
Double-masked RCT Randomization of the patients at baseline in a ratio of 1:1:1 to ivT sirolimus after a screening period of 30 days. The eye with greater vH score was selected to be the study eye in patients with bilateral disease. However, in patients with equal VH score on both eyes, right eye was chosen as the study eye 
Random sequence generation (selection bias)
Low A unique randomization number was assigned to each subject. In order to randomize eligible subjects, a permuted block randomization stratified by predefined geographical area and baseline vH score of the study eye (1.5+, 2+, 3+, or 4+) was used. Also, the ivRS/iwRS was applied to generate a separate permuted-block randomization scheme with a fixed block for each stratum (Supplementary materials incomplete outcome data (attrition bias) Low Two randomized but not treated subjects with screen failure were excluded from the security population. inadvertently, one subject was registered twice and randomized to receive a dose of 880 mg each time, with two different subject identification numbers assigned to a different study eye. The security population excluded two randomized but not treated subjects with screen failure. One subject was inadvertently registered twice and randomized to receive a dose of 880 mg each time, with two different identification numbers assigned to a different study eye ( evidence based on the Scottish Intercollegiate Guidelines Network (SIGN) 41 criteria are summarized in Table 3 .
Risk of bias of included studies
Two reviewers (Cabahug and Sapno) independently assessed the risk of bias among the included studies. To assess the methodological quality, the "modified Jadad scale" (Table 4) as well as the "Cochrane risk of bias assessment tool" (Figure 2 ) was used. The mean Jadad score was 8.0 (high quality). Each study was assessed for the presence of any selection bias, performance bias, detection bias, attrition bias, selective reporting, and other potential sources of bias ( Figure 3) . Three studies had a low overall risk of bias with SAKURA 2016 having the lowest risk, while Ibrahim et al 21 had an unclear risk of bias. Collectively, the overall risk of bias of all the selected studies was 75% low risk of bias and 25% unclear risk of bias ( Figure 2 ).
Studies awaiting assessment
The SAKURA 2 trial, which was also sponsored by Santen Inc., was recently completed with supposedly mixed results compared to the original SAKURA trial. However, data were still unavailable. The authors have attempted to contact the representatives of the company requesting their official results. 42 The LUMINA trial (ClinicalTrials.gov Identifier: NCT03711929) is the latest Phase III trial yet to be commenced by Santen Inc. The study design is similar to the SAKURA trial except that this study included a sham treatment arm. The expected completion date is April 17, 2021. 43 Figure 4 shows a meta-analysis on percentage improvement in VH with a follow-up duration of 6 months, where the test of heterogeneity of 74.95% I 2 ( p=0.0185) suggests that a random-effects model is preferred. The resulting overall pooled proportion of percentage improvement in VH is 38%, with 95% CI of 16.19-62.66. The biggest weight given is on SAKURA 2016 27 (82.73). Forest plot, where the diamond marker did not intersect 0, suggests that the 38% pooled prevalence is significantly higher than 0. Figure 5 shows a meta-analysis on percentage improvement in VH with a follow-up duration of [6] [7] [8] [9] [10] [11] [12] (37.63) . Forest plot, where the diamond marker did not intersect 0, suggests that the 49.97% pooled prevalence is significantly higher than 0. The two different meta-analysis runs were compared, specifically, the pooled response rate of 38% and 49.97%, visual acuity Figure 6 shows a meta-analysis on percentage improvement in BCVA with a follow-up duration of 6 months, where the test of heterogeneity of 83.75% I 2 ( p=0.0021) suggests that a random-effects model is preferred. The resulting overall pooled proportion of percentage improvement in BCVA is 62.2%, with 95% CI of 33.17-87.11. The biggest weight given is on SAKURA 2016 27 (39.1). Forest plot, where the diamond marker did not intersect 0, suggests that the 62.6% pooled prevalence is significantly higher than 0. Figure 7 shows a meta-analysis on percentage improvement in BCVA with a follow-up duration of 6-12 months, where the test of heterogeneity of 90.22% I 2 ( p=0.0001) suggests that a random-effects model is preferred. The resulting overall pooled proportion of percentage improvement in BCVA is 56.86%, with 95% CI of 20.91-89.05. The biggest weight given is on SAKURA 2016 27 (36.75) . Forest plot, where the diamond marker did not intersect 0, suggests that the 56.86% pooled prevalence is significantly higher than 0.
Control of uveitis activity
The two different meta-analysis runs about BCVA improvement were compared, specifically, the pooled BCVA improvement of 62.2% and 56.86%, and a resulting p-value of 0.3705 indicates that the two runs resulted in same pooled BCVA improvement indicating that no significant difference exists.
iOP Figure 8 shows a meta-analysis on percent increase in IOP with a follow-up duration of 6 months, where the test of heterogeneity of 0.00% I 2 ( p=0.6545) suggests that a fixedeffects model is preferred. The resulting overall pooled proportion of percent increase in IOP is 7.1%, with 95% CI of 3.46-12.68. The biggest weight given is on SAKURA 2016 27 (80.1). Forest plot, where the diamond marker did not intersect 0, suggests that the 7.1% pooled prevalence is significantly higher than 0. SAVE 2013 28 and Ibrahim et al 21 reported the same number of events for percent increase in IOP indicating no change after 1 year. Thus, a meta-analysis on percent increase in IOP with a follow-up duration of 6-12 months was not performed.
Other outcomes
Outcomes where data were not reported similarly precluded meta-analysis; hence, a narrative synthesis is reported in the following sections. were receiving prednisone $10 mg/day and/or at least one systemic IMT (category 2) successfully tapered their CS dose to ,10 mg/day, with a median dose reduced up to 8 mg/day and 2 mg/day at month 6 and month 12, respectively, from a 20 mg/day median dose at baseline. Subjects with inactive disease at baseline (category 3) also showed a reduction with a median dose to 3 mg/day and 2 mg/day at months 6 and 12, respectively, from a median dose of 9 mg/day at baseline. 
CS-sparing effect
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Cabahug et al CS was stopped completely in five patients from category 2. However, it was impossible to reduce CS dose in one patient and ended the study with a 20 mg/day dose.
In SAVE 2 2016, 29 CMT SAVE 2013 28 and Ibrahim et al 21 reported that, at baseline, 37% (n=11) of subjects had ME (IVT n=7, SCJ n=4), defined as having an average CMT of .315 μm. In patients without ME (n=17), the average thickness was 272 μm (27), 265 μm (29), and 269 μm (35) at baseline, month 6, and month 12, respectively, with no changes from baseline in any patient during the follow-up at month 6 or 12. In patients who had ME, the baseline average (SD) CMT was 505 μm (156). CMT in the IVT group increased to 615 μm (168) at month 6 and 616 μm (165) at month 12, with a mean change of 105 μm and 106 μm at months 6 and 12, respectively, from an average of 510 μm (194) at baseline. The SCJ group showed a reduction in CMT with a mean change of 30 μm and 47 μm, at months 6 and 12, respectively, to 451 μm (114) at month 6 and to 434 μm (122) at month 12 from 481 μm (131) at baseline. No statistical difference was present between the changes in CMT from baseline at either month 6 or 12 (P=0.169 and 0.182 at month 6 and 12, respectively).
SAVE 2 2016
29 reported that patients with baseline ME receiving the 440 μg dose (n=7) had a decrease in CMT with a mean change of 42 mm from baseline at month 6, while those receiving 880 μg (n=6) had an increase in CMT with a mean change of 82 mm from baseline. Patients without ME at baseline (n=11) did not have any significant change in mean CMT at month 6.
Lastly, SAKURA 2016 27 also showed that CMT decreased by 50 mm or more in nearly 50% of all patients with baseline ME (CMT .300 mm, n=99) in each of the three treatment groups (44 μg, 45.5%; 440 μg, 55.2%; 880 μg, 48.6%) with no significant differences between the three groups (P=0.061).
Safety outcomes/Aes
SAVE 2013 28 and Ibrahim et al 21 reported mild-to-moderate ocular and systemic AEs with both IVT and SCJ injections of sirolimus, and no systemic AEs were related to treatment. Vitreous floaters were the common complaint in the IVT group, while in the SCJ group conjunctival hyperemia and chemosis were among the common complaints reported. SAVE 2 2016 29 also reported mild-to-moderate non-ocular AEs (eg, sinus infection), but all were treatment unrelated. Ocular AEs (eg, ocular pain) were reported in both treatment groups (440 μg, 36.4%; 880 μg, 46.2%), while more serious events tended to be reported in the 880 μg group (eg, anterior uveitis and cataract) not commonly seen in the 440 μg group. Fourteen patients who received bilateral IVT sirolimus 
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Cabahug et al injections also tolerated treatment well. Systemic AEs (eg, sinus infection) were reported in three patients (21.4%), while local AEs (eg, floaters) were reported in two patients (14.3%) suggesting that bilateral IVT injections of sirolimus may be given safely on the same day. The SAVE 2 study also suggested that both monthly 440 μg and every other monthly 880 μg IVT sirolimus injections provide sufficient control of ocular inflammation in most cases of NIU, while the monthly injections were noted to be more beneficial in reducing ME.
Lastly, SAKURA 2016 27 demonstrated that treatmentrelated ocular serious AEs with sirolimus were uncommon, but the severity tended to be dose dependent. Sterile endophthalmitis was reported in 0%, 0.9%, and 3.4% of patients in the 44 μg, 440 μg, and 880 μg dose groups, respectively. Similarly, cataract progression was seen in 0.9%, 0.9%, and 2.6% of patients in the 44 μg, 440 μg, and 880 μg dose groups, respectively. Two patients, one of each from the 44 μg and 440 μg dose groups, had glaucoma. The mean IOP in all three treatment groups remained nearly constant (#1.1 mmHg difference) from baseline up to month 5. All of the abovementioned findings suggest that IVT sirolimus may not be associated with AEs commonly reported in previous studies involving intraocular CS treatment and that non-ocular AEs occurred with low frequency unrelated to treatment (eg, headache in 4.6% of all patients). Finally, SAKURA 2016 27 suggested that a 440 μg IVT sirolimus injection was the optimal dose in having a better benefit-to-risk profile for treating most cases of NIU leading to improvement in ocular inflammation with a low incidence of AEs commonly associated with intraocular CS treatment in patients with active disease.
Discussion
Summary of evidence
The data provided in this review and meta-analysis summarize the available evidence for the use of sirolimus in the treatment of NIU. Currently, the potential use of sirolimus in such cases is limited by the paucity of RCTs available. We have presented a pooled proportion of the outcomes studied with sirolimus treatment at 6 months and up to 1-year follow-up. It should be noted that there was only one study evaluating the 1-year outcomes. 28 The pooled proportion of VH improvement with a 6-month follow-up was 38%, but this increased to nearly 50% when 1-year follow-up study data were included. This suggests a trend to further improvement in uveitis control when longer follow-ups are included which was not usually evaluated with current trials available. The pooled proportion of BCVA improvement was relatively the same after 6 months (62.2%) and 1 year (56.86%). An improvement in visual acuity can probably be appreciated early in the course of treatment, although it is still not clear whether good visual acuity and its duration can be maintained. Improvement in visual acuity follows inflammation control as seen by the reduction in VH in these patients.
CSs are still the mainstay of treatment in uveitis, used both as rescue therapy for acute disease and as long-term therapy in chronic or even refractory cases. 12, 44 CSs have many desirable features, including speed of onset and efficacy in both local and systemic forms. In the MUST trial, disease inactivity was reported in 88% of eyes randomized to the fluocinolone acetonide implant and in 71% of eyes randomized to systemic CS usage. 12, 44 They do however have an unfavorable side effect profile, with dose-and durationdependent adverse systemic effects. Alternative IMT has been developed to address these concerns. These "steroidsparing agents" have improved tolerability while maintaining similar inflammation controls. Unfortunately, these agents may be associated with different, but equally severe, side effects, and in many cases lack both the speed of onset and efficacy of CS. Nevertheless, among these agents, sirolimus remains a promising option as a potential CS-sparing IMT.
The pooled proportion of IOP elevation after both 6 months and 1 year of treatment with sirolimus was roughly 7%. This relatively low rate can be causally attributed to the overall CS-sparing effect of sirolimus. As summarized in our results, the majority of patients successfully tapered their CS dose to as low as #5-10 mg/day.
Blair et al 44 also reported a comprehensive review of the role of mTOR inhibitors for treating NIU, including evidence on everolimus. Although a meta-analysis was not conducted, their conclusions from the data they gathered also supported our results. Published evidence thus to date suggests that sirolimus (and everolimus) appears to be well tolerated especially when locally administered and may prove useful in the management of NIU. 44, 45 In general, therapeutic agents administered locally provide a more rapid onset of action with fewer systemic side effects, and recent trials mainly focused on such preparations of sirolimus. In effect, the data from our meta-analysis will only apply to IVT and perhaps SCJ administrations of sirolimus.
Overall, it appears that this is the most optimal and favorable route for the drug when considered for ocular conditions.
Limitations
The strength of evidence provided in this review is limited by the small number of clinical trials evaluating sirolimus. The trials available used an active control or a dose-response control. Although the existence of an effect can be readily 
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Cabahug et al documented, measuring the drug's absolute effect size is not possible unless a placebo-controlled design is available. RCTs with sham treatment arms are therefore recommended. It should also be noted that there are various possible etiologies for uveitis which may be difficult to account with present clinical trial designs. The wide range of percentage improvement in VH may be attributable to this factor. Lastly, our review also did not include unpublished studies which would result in publication bias. Nevertheless, we are confident that the evidence we provide is enough to overcome this small fraction. Although there seems to be an increasing trend of evidence supporting the efficacy of sirolimus, the remaining gaps may be addressed once further evidence from ongoing or future high-quality clinical trials are available.
Conclusion
The efficacy of sirolimus in treating NIU was positively determined in a meta-analysis done on three RCTs and established that potent control of uveitis activity as a result of the reduction in VH was well demonstrated up to 12-month follow-up duration. Sirolimus treatment also resulted in moderate visual acuity improvement and had relatively low adverse events with good CS-sparing effect. However, data from ongoing and future large-scale clinical trials of appropriate design are needed to further strengthen the evidence provided. 
Abbreviations
Randomization and Masking
Randomization occurred after subjects met all eligibility requirements at screening and Day 1. Each subject was assigned a unique randomization number. A permuted-block randomization stratified by pre-defined geographic region and baseline vitreous haze score of the study eye (1.5+, 2+, 3+, or 4+) was employed to randomize eligible subjects, and a separate permuted-block randomization scheme with a fixed block was generated for each stratum by an Interactive Voice Response System (IVRS)/Interactive Web Response System (IWRS). A computer algorithm for random number generation produced the treatment assignments.
All study sponsor personnel (with the exception of clinical supplies personnel), vendors, contract research organization staff, clinical investigators, site staff, and study subjects were masked to the treatment assignments during the Double-Masked Treatment Period. The study drug, which is formulated as a clear, nondispersive, non-aqueous solution of sirolimus in a vehicle composed of polyethylene glycol 400 and ethanol, was provided to site staff in numbered vials assigned to each subject by the randomization system. Each vial contained 20 μL of sirolimus at a concentration of 2.2 μg/μL (44 μg), 22 μg/μL (440 μg), or 44 μg/μL (880 μg). Study sites received the drug vials frozen and stored them in secure, locked, dark, temperature-controlled freezers with restricted access until the time of use. A sterile, single-use 250-μL syringe custom-marked at 20 μL was provided separately for intravitreal injection use and filled on site. The clinical investigator was required to use the syringe provided and administer sirolimus according to intravitreal injection guidelines.
Changes to Study Design
This study was originally planned as two studies to be conducted in separate predefined geographic regions (Region 1: United States and Latin America; Region 2: European Union and Asia) under a single protocol. Given that NIU of the posterior segment is an orphan disease, enrollment in each study was slower than anticipated. The sponsor, in consultation with the US FDA, restructured the studies to include the 347 subjects randomized up to March 31, 2013 , in a single study, regardless of geographic region. The 347 subjects randomized up to that date comprise the population of the present study (SAKURA Study 1), with subjects enrolling from April 1, 2013, randomized into a second study (SAKURA Study 2).
Under the original plan to conduct two studies defined by geographic region, a sample size of 213 subjects (71 per treatment group) subjects per study was calculated as necessary to provide sufficient statistical power to assess the primary endpoint. Revised calculations based on the new study population defined by date of enrollment indicated that 348 subjects (116 subjects per group) would provide .80% power to detect a difference of 16% in response rate between sirolimus 44 μg (assuming aresponse rate of 8%) and sirolimus 440 μg or 880 μg (assuming a response rate of 24%) by Fisher's exact test (two-sided, Bonferroni corrected α=0.025). 
